The burden of both tuberculosis (TB) and diabetes mellitus in developing countries including Ghana is high; often, the two coexist and impact each other negatively. Objective. The study aimed to determine the prevalence and predictive factors of dysglycaemia among newly diagnosed smear positive tuberculosis patients at a tertiary tuberculosis treatment centre in Ghana. Methods. Dysglycaemia at diagnosis was determined by the use of oral glucose tolerance test (OGTT), while sputum smear microscopy was used to assess the sputum status. Only smear positive patients were included in the study. Information on sociodemographic, anthropometrical, clinical, and medication history was also obtained. Results. In all, 146 participants, aged 18 to 75 years with a mean age of 38.7 years comprising 115 (78.8%) males and 31 (21.2%) females, were involved in the analysis. Upon initial screening, using fasting plasma glucose (FPG), 91.1 % had normal fasting level, 5.5 % had impaired fasting, and 3.4% were diagnosed with diabetes. Using 2-hour postprandial values (2HPP), 59.6% had normal plasma glucose, 28.8 % had impaired glucose tolerance (IGT), and 11.6 % were diagnosed with diabetes. Overall, the prevalence of dysglycaemia (i.e., impaired fasting and diabetes) was 8.9% (95% CI: 5.21-14.82%) with FPG test and 40.4% (95% CI: 32.68-48.65%) with 2HPP test. The analysis revealed that 2HPP was associated with high mean age compared to FPG (36.67 ± 13.97 versus 41.69 ± 13.97, p-value = 0.033). In addition, marital status was significantly associated with FPG status of patients (p = 0.028). Conclusion. The prevalence of dysglycaemia was high among smear positive TB patients in Ghana. Higher mean age and marital status were associated with abnormal glucose tolerance and fasting plasma glucose, respectively. Clinical management of patients with tuberculosis should include screening for diabetes.
Introduction
Tuberculosis (TB) infections continue to be a concern worldwide and it remains a deadly communicable disease. The World Health Organisation (WHO) estimated that 10.4 million new cases of TB occurred and 1.4 million died from the disease in 2015 despite several preventive strategies to reduce the burden and impact [1] . Over 70% of these new cases occurred in developing countries with the African region experiencing the highest rate of death relative to the population [1] .
Diabetes and TB as separate disease entities impact negatively on each other [2] . Although at the population level, HIV is the most important risk factor for TB [1] , diabetes, which causes impaired immunity, has long been recognized as a risk factor for infections including TB [3] . Diabetes is a risk factor for lower respiratory infections including TB. A review by Steven et al. reported that diabetes increases TB risk by 1.5-to 7.8-fold [4] . Another meta-analysis by Joen et al. reported that the relative risk for TB among diabetes patients was 3.11 [5] . They stated that the prevalence of diabetes ranged from 1.9% to 35% after screening TB patients; the highest rates 2 Tuberculosis Research and Treatment were among regions of the world with the highest diabetes prevalence [5] . Also, a study from United States of America reported that the odds ratio of multidrug resistant (MDR) TB associated with diabetes patients is 2.1 [6] .
Diabetes may affect the presentation of TB by being associated with more cavitations [6] , lower lobe involvements [2] , higher rates of haemoptysis [6] , fever [6] , increased risk of treatment failure, relapse, and death [7] . Further, diabetes may affect the pharmacokinetics of rifampicin, a major component of anti-TB medications, and reduce its plasma concentration [8] . However, it is not clear whether the reduced plasma concentrations of rifampicin affect treatment outcomes [2, 8] .
Studies have reported that TB could lead to impaired glucose tolerance (IGT) [9] and new onset diabetes [10, 11] . Generally, IGT normalises after the TB has been successfully treated, but it remains a significant risk factor for developing type 2 diabetes in the future [12] .
This hyperglycaemia caused by TB infection may lead to overdiagnosis of diabetes in previously unscreened TB patients [3] and can also worsen glycaemic control in previously diagnosed diabetes patients [12] . The latter situation may, therefore, warrant adjustment in doses of antiglycemic agents or a complete switch to insulin therapy.
The present study examined the burden of dysglycaemia among newly diagnosed smear positive tuberculosis patients at a tertiary tuberculosis treatment centre and explored factors that might predict dysglycaemia among these patients.
Materials and Methods

Study Design and Site.
The study was a hospital based cross-sectional study carried out at the Chest Clinic of the Korle-Bu Teaching Hospital, a tertiary care facility and the largest hospital in Ghana. The Korle-Bu Chest Clinic serves as the main referral centre for respiratory and TB cases for the southern part of the country.
Participants.
Participants were newly diagnosed smear positive TB patients that were referred to the treatment centre of Korle-Bu Chest Clinic.
Patients aged 18 years and over with no previous history of TB treatment were recruited. All the participants gave informed consent. Exclusion criteria indicated participants with smear negative TB cases, those with extrapulmonary TB or those who refused consent.
Sampling.
All smear positive TB patients who met the inclusion criteria were recruited on weekdays over a 12-month period. One hundred and ninety smear positive TB patients were sampled at the end of the study period, of which 44 did not stay to complete the full OGTT test or refused consent.
Measurements.
At study enrolment, participants were administered a questionnaire to assess and document demographic and anthropometric characteristics as well as medical history Calculated body mass index (BMI) was categorized as obesity, overweight, normal, and underweight and were defined as 30.0 or more, 25-29.9, 18.5-24.9, and less than 18.5 (Kg/m 2 ), respectively [13] . A 75 g oral glucose tolerance test (OGTT) was used to determine impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and diabetes at diagnosis. 10ml fasting blood sample was taken into fluoridated blood sample tubes (kept on ice and centrifuged within 15 minutes of blood draw), ethylene-diamine-tetra-acetic acid (EDTA) tubes, and plain tubes [14] . Patients then received 75g glucose in 250ml water, and after 2 hours blood sample was taken into fluoridated sample tubes and processed similarly as the fasting sample. Plasma glucose was determined by glucose oxidase commercial reagent kits and controls (DiaSys, GmbH, Germany). Diagnoses of impaired fasting and glucose tolerance were made when FPG and 2HPP values are 6.1-6.9 mmol/l and 7.8-11 mmol/l, respectively. Diabetes was diagnosed when FPG and 2HPP are >7mmol/l and >11.1 mmol/l, respectively, or on regular medication for diabetes. FPG and 2HPP values below 6.1 mmol/l and 7.8 mmol/l are normal [15] .
Microscopy for acid fact bacilli (AFBs) was performed using Ziehl-Neelsen (ZN) stain. Patients found to have diabetes were referred to receive appropriate care.
Ethical Considerations.
All patients provided written informed consent. The study received approval from the University of Ghana College of Health Sciences Ethics and Protocol Review Committee prior to the commencement of the study with reference number URF/9/ILG-076/2015-2016.
We complied with the Helsinki Declaration of 1964 (Revised 2013) on human experimentation. Strict confidentiality of data and privacy for study participants were ensured. Data was kept secured and was available only to the principal investigator.
Statistical Analysis. Data was entered into Microsoft
Excel 2010 version and imported into the Statistical software STATA version 15 for analysis. Analysis was done for 146 patients with complete data.
Descriptive statistics of the sociodemographic, anthropometric, clinical and glycaemic variables were summarised as frequencies, percentages, means, and standard deviations.
Chi-square and Fisher's exact tests were used to test for association between the plasma glucose status of participants (categorized as normal and abnormal plasma glucose level) and other categorical independent variables; while t-test was used for comparing means of continuous variables among smear positive TB patients with normal and abnormal plasma glucose levels.
Binary logistic regression models and Poisson regression model were used to test the effect of sociodemographic, clinical, and lifestyle factors on the outcome variables, 2HPP and FBG, respectively. Poisson model was chosen over logistic regression model because of the very low prevalence of abnormal FBG glucose level [16] . Potential for effect modification was examined by testing the significance of interactions. Only statistically significant interaction terms Tuberculosis Research and Treatment 3 were retained in the final models. The statistical tests were set at 5% significance level.
Results
One hundred and forty-six (146) participants, aged 18 to 75 years with a mean age of 38.7 years comprising 115 (78.8%) males and 31 (21.2%) females, were involved in the analysis. Seven out of every ten selected smear positive TB patients were underweight. Mean values (± SD) of some clinical parameters such as weight, height, waist circumference, hip circumference, systolic blood pressure, and diastolic blood pressure are 52.74 ± 8.94 Kg, 1.68 ± 0.08 m, 76.25 ± 7.32 cm, 89.37 ± 7.43 cm, 117.61 ± 21.76 mmHg, and 77.13 ± 12.10 mmHg, respectively. Detailed distribution of sociodemographic, anthropometric, and other clinical characteristics of the participants can be found in Table 1 .
Prevalence of Diabetes and Dysglycaemia.
After screening, using fasting plasma glucose, 91.1 % had normal fasting level, 5.5 % had impaired fasting, and 3.4% were diagnosed to be diabetic. Using 2-hour postprandial values (2HPP), 59.6% had normal plasma glucose, 28.8 % had impaired glucose tolerance, and 17 out of 146 (11.6 %) had diabetes. In all, the combined prevalence of dysglycaemia using fasting values was 8.9% (95% CI: 5.21-14.82%) (i.e., impaired fasting and diabetes) while that for postprandial values (impaired glucose tolerance and diabetes) was 40.4% (95% CI: 32.68-48.65%) ( Table 1) .
Association between Sociodemographic Factors, Clinical
Factors, Lifestyle Factors and 2HPP Status. The bivariate analysis of factors associated with 2HPP status (Table 2) revealed that mean age was significantly associated with 2HPP status, where those with abnormal 2HPP had higher mean age (36.67 ± 13.97 vs 41.69 ± 13.97, p − value = 0.033).
Association between Sociodemographic Factors, Clinical Factors, Lifestyle Factors and FPG Status.
The bivariate analysis of factors associated with FPG status (Table 3) revealed that marital status was associated with FPG status of patients; the proportion of patients with abnormal FPG was significantly higher among separated/divorced participants (33.3%), while the married ones had the least 6.5% ( 2 = 7.16, p = 0.028). The other factors did not have any statistically significant association with FPG status (p>0.05). See Table 3 .
Evaluating Effects of Sociodemographic Factors on 2HPP
Status. The results from multiple binary logistic regression analysis showed that none of the sociodemographic factors was statistically significant in predicting the 2HPP status of patients. Refer to 
Discussion
We found a high prevalence of dysglycaemia in our study (i.e., 8.9% and 40.4 %) by fasting and postprandial values, respectively, as well as diabetes of 3.4% and 11.6 % by fasting and 2-hour post-glucose values, respectively. These findings were similar to other studies where 5-30 % of TB patients were found to have diabetes [17] [18] [19] .
Diabetes is significant risk factor for TB at the population level [3] and increases TB risk by 1.5 to 7.8 times [4] . A study by Joen et al. found that the relative risk for TB among diabetes patients was 3.11 [5] , while a review by Alisjahbana et al. [6] suggested that the odds ratio of multidrug resistant (MDR) TB associated with diabetes patients is 2.1. Joen et al. [5] in a subsequent study reported that after screening TB patients, diabetes prevalence ranged from 1.9% to as high as 35%. They observed that rates were higher in regions of the world where diabetes prevalence was also higher.
Diabetes impact on TB as a disease entity and its management in many ways. Some studies have shown that diabetes patients tend to show more lower lobe involvement than their nondiabetic counterparts due to reactivation of old foci [2] . Alisjahbana et al. reported lower rates of cavitations in some studies while others have higher rates [6] . Comorbid TB and diabetes may also be associated with higher rates of haemoptysis, fever, and atypical presentations [6] . Baker et al. in a systematic review reported that patients with diabetes have a risk ratio (RR) for the combined outcome of failure and death of 1.69 (95% CI, 1.36 to 2.12), while the RR of death during tuberculosis treatment among 23 unadjusted studies was 1.89 (95% CI, 1.52 to 2.36) [7] . In this same review, diabetes was also associated with an increased risk of relapse (RR, 3.89; 95% CI, 2.43 to 6.23) [7] . Diabetes can affect the pharmacokinetics of anti-TB drugs especially rifampicin and reduce their plasma concentrations [8] . There are however conflicting reports regarding whether the efficacy of TB treatment is affected by this interaction [2, 8] . Consequently, the regimen for treatment of TB among both diabetics and nondiabetics is the same [3, 8] . Also, the general approach to management of diabetes does not differ in the presence of TB or not. The treatment of diabetes with concomitant TB infection requires careful evaluation and choice of antiglycemic medication [1, 3] . In many situations, insulin is the preferred agent in type 2 diabetes where there is active TB infection [3] . Appropriate diet Tuberculosis Research and Treatment 5 advice is also needed, aimed at balancing glycaemic control and the nutritional demands of largely underweight and malnourished TB patients [20] .
Patients with abnormal 2HPP were more likely to have higher mean age values in this study. This may be a reflection of an underlying increased risk of type 2 diabetes which is prevalent among older people [21] . The incidence of diabetes increases with age until about the age of 65 years, after which both incidence and prevalence tend to plateau [21] . This group of patients tend to have multiple comorbidities 6 Tuberculosis Research and Treatment including diabetic microvascular and macrovascular complications, coupled with reduced functional status, and increased risk of institutionalization [21, 22] . They also tend to be the productive work force and major family income earners. Additionally, older adults are more likely to develop extra-pulmonary and atypical disease patterns that are often harder to diagnose than conventional sputum smear positive pulmonary tuberculosis [23] . Consequently such patients with TB and diabetes are more likely to suffer worse morbidity, mortality, and social impact [1, 21, 23] .
Marital status was significantly associated with FPG status of patients; the proportion of patients with abnormal FPG turns to be high among patients who are separated/divorced (33.3%), while the married ones had the least (6.5%). It may be possible that stress among smear positive TB patients who are separated/divorced predisposes them to a higher risk of dysglycaemia. It is noteworthy that the numbers in the separated/divorced group were small and may not reflect the true situation.
The findings of most participants in this study, being male, young age, and single, are well known characteristics of TB patients [1, 24, 25] . Other risk factors include low-income earners, bacillary load, proximity to a person with active TB, malnutrition, alcohol abuse, smoking, overcrowding, HIV infection, diabetes, and immunosuppressive drug [1, 24, 25] . The participants also had low average BMI of 18.49 ± 3.00 Kg/m 2 with about 70 % being underweight. TB patients tend to come from low socioeconomic background and generally malnourished and underweight [26] . The inflammatory response to infection [27, 28] as well as nausea, loss of appetite, and vomiting associated with TB is possible contributor to weight loss. Theoretically, diabetes may compound weight loss. Diabetes is associated with reduced insulin secretion or action, which results in an increased catabolic state with breakdown of body tissue and loss of calories leading to weight loss. However, in our study, there were no statistical differences in the mean BMI among those with normal and abnormal glucose values (both FBS and 2HPP).
Conclusion
The study found a high prevalence of dysglycaemia among smear positive TB patients similar to many previous studies on the subject. Higher mean age and marital status were associated with abnormal glucose tolerance and fasting plasma glucose, respectively. It is one of the very few studies done on this subject in the African subregion.
The findings of the study come to support the increasing recognition of the association between TB and diabetes. With a high burden of TB and increasing prevalence of diabetes in Africa, the findings also reinforce the call for the institutionalization of screening for diabetes among newly diagnosed TB patients in this part of the world.
Limitations
This study only described dysglycaemia at diagnosis and associated factors. Follow-up studies are needed to ascertain treatment outcomes among TB patients with dysglycaemia and those without.
